REMARKS 

Status of Claims 

In the Office Action issued July 18, 2003, a restriction requirement was issued, requiring 
election between Claims 1-23 and 36 (Group 1) and Claims 24-35 (Group II). Claims 1-23 and 
36 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over Hiroaki Otsuka et al. 
(JP63-183154) in view of Ullakko et al. (WO 97/03215). 

In this Response, previous independent Claims 1 and 1 1 are amended and Claim 36 is 
amended from a previously dependent form into an independent Claim. Claims 2 - 4, 6, 12, 13, 
16, 18, and 20 - 35 are cancelled without prejudice. New independent Claim 37 and dependent 
Claim 38 have also been added. Support for these amendments is found in the Claims as filed. 
The Examiner is respectfully requested to reconsider and withdraw the rejection(s) in view of the 
amendments and remarks contained herein. 

Restriction Requirement 

Applicants affirm the election by telephone on July 8, 2003 to prosecute the invention of 
Group I, Claims 1-23 and 36. Applicants affirm withdrawal, without prejudice, of Group II, 
Claims 24 - 35 as drawn to a non-elected invention. 

Rejection Under 35 U.S.C. §103 

Claims 1 - 23 and 36 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Hiroaki Otsuka et al. (JP63-183154) in view of Ullakko, et al. (WO 97/03215). This rejection is 
respectfully traversed. A copy of the full publication of JP 63-138154 is attached, along with an 
English-language translation. 

Applicants respectfully submit that the amended and new independent claims distinguish 
over the art of record. In this regard, JP 63-183154 (Otsuka) affirmatively teaches addition 
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nickel and carbon to shape memory alloys. (See page 7, first full paragraph, of the attached 
English-language translation of the full reference.) Similarly, WO 97/03215 (Ullakko) also 
teaches the addition of nickel and carbon to shape memory alloys. In this regard, Ullakko states 
that "Carbon has been selected as an alloying component, because it reinforces and stabilizes 
austenite and improves the shape memory effect. Contents of less than 0.001% have no effect on 
the properties." Id, at page 8, lines 16-18. Ullako also states, "Nickelstabilizes austenite 
strongly and improves the corrosion resistance of steel and its high temperature oxidation 
resistance. At contents of less than 0.1%, the effects are insignificant." Id., at page 7, lines 21 - 
23. 

By contrast, the specification of the present invention states at page 6 paragraph 9, ". . . 
the alloy does not contain significant amounts of materials that degrade performance. 
Preferably, in such embodiments, the alloys do not contain significant amounts of C (carbon) or 
Ni (nickel)." This specification text is antecedent for the limitations on Ni and C to insignificant 
trace amounts in the claimed alloys. Thus, Ullakko and Otsuka teach away from Applicants' 
invention. 

Furthermore, neither Ullako nor Otsuka teach the specific selection of compositional 
elements of Applicants' invention. As the Examiner notes, the ranges of Mn, and Cr overlap or 
fall within the ranges of these elements broadly suggested in Otsuka. These references do not, 
however, teach the selection of specific ranges to yield shape memory alloys having essentially 
100 percent shape recovery. 

Otsuka says nothing at all about the degree of shape memory effect observed with the 
alloys disclosed. Moreover, Otsuka also makes no reference to the use of nitrogen in such 
alloys. 
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While Ullakko does discuss the use of nitrogen, Ullakko discloses very broad ranges of 
compositions, and generally characterizes the best of those alloys (Class 1) as only having shape 
recovery rates of only "greater than 70%." Ullakko, at page 13, line 24. Moreover, the 
discussion of shape memory properties in Ullakko underscores the unpredictability of the effect 
of composition on properties. Most of the compositions of Ullakko comprise nickel, several 
contain carbon, and many have levels of chromium higher than those of Applicants' 
compositions. The shape recovery rate of some of these combinations was in the range of only 
30 to 70% (Class 2). Ullakko, at pages 13-15, and Table 3. Applicants submit that one cannot 
glean any teaching from this data for the selection and ranges of elements to form alloys having 
essentially 100% shape recovery with no more than two training cycles. 

Conclusion 

The cited references either (a) do not suggest the invention of amended Claims 1 and 1 1 
and new Claim 36 or (b) teach away from the these Claims. Applicants respectfully submit that 
these claims and that, by dependence, Claims 5, 7, 8 - 10, 14, 15, 17, 19, 21, and 37 are 
patentably distinguished over Otsuka in view of Ullakko, and that, accordingly, the respective 
rejections under 35 U.S.C. § 103(a) should be withdrawn. If the Examiner believes that personal 
communication will expedite prosecution of this application, the Examiner is invited to 
telephone the undersigned at (248) 641-1600. 



Respectfully submitted, 



Dated: gg OC\<JU^ lap 




David L. Suter, Reg. No. 30692 



Harness, Dickey & Perce, P.L.C. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303 

(248)641-1600 

DLS/mc 
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Specification 

1. Title of the Invention 

Temperature-Detecting Element Using Iron-Based Shape-Memory Alloy 

2. Claims 

(1 ) A temperature-detecting element using an iron-based shape- 
memory alloy, wherein a Fe-Mn-Si shape-memory alloy is used comprising 3.5 to 
8 wt% Si, 10 wt% or less Cr, with the balance being Mn, Fe and the inevitable 
impurities, and wherein the Mn content is altered within the 20 to 40 wt% range 
to obtain the desired transform temperature between 50°C and 300°C based on 
the Mn content. 

(2) Temperature-detecting element using an iron-based shape- 
memory alloy, wherein a Fe-Mn-Si shape-memory alloy is used comprising 3.5 to 
8 wt% Si and 10 wt% or less Cr, including one, two or more of the following, 
being 10 wt% or less Ni, 10 wt% or less Co, 2 wt% or less Mo, 1 wt% or less C, 1 
wt% or less Al or 1 wt% or less Cu, with the balance being Mn, Fe and the 
inevitable impurities, and wherein the Mn content is altered within the 20 to 40 
wt% range to obtain the desired transform temperature between 50°C and 300°C 
based on the Mn content. 
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3. Detailed Description of the Invention 
(Industrial Field of Application) 

The present invention relates to a temperature-detecting element using an 
iron-based shape-memory alloy for easily detecting the temperature of a cooking 
oil, mechanical oil, or mechanical object within the 50 to 300°C range. 

(Prior Art) 

The temperature of objects between 50°C and 300°C is usually measured 
using a mercury, thermoelectric or bimetal thermometer. 

A mercury thermometer is easiest to use, but cannot be used at 
temperatures above 200°C in order to prevent the glass from shattering. As a 
result, it cannot be used at temperatures between 200°C and 300°C. 
Thermoelectric and bimetal thermometers convert electric signals to the 
temperature, but require special equipment. As a result, it is difficult to measure 
the temperature at the desired place and at the desired time. 

Simple temperature-detecting methods using shape-memory alloys have 
been disclosed in Japanese Unexamined Patent Application Publication [Kokai] 
No. 57-212722, Kokai No. 58-40720, and Kokai No. 58-146824. The 
temperature-detecting method in Kokai No. 57-212722 is used in water and, 
therefore, is used for temperatures up to 100°C. The working example in Kokai 
No. 58-40720 indicates an operating temperature of 67°C. The invention in 
Kokai No. 58-146824 uses a Ni-Ti alloy, which has a transform temperature 
between -40°C and 110°C. As a result, this is the applicable range. The inverse 
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transform temperatures or shape-recovery temperatures of the shape-memory 
alloys disclosed in other documents are either less than 100°C or between 
500°C and 650°C. As a result, temperatures between 100°C and 500°C cannot 
be detected. A description of the Fe-Mn-Si shape-memory alloy of the present 
invention has not been found. 



Table 1 



Shape-Memory Alloy 


Inverse Transform Temp. (%) 4 


Ni-Ti (Furukawa NT Alloy) 


-10-100 1 


Cu-Zn-AI (Mitsubishi Metal Memoriam 
100) 


-100-100 1 


Fe-Ni-C (Metallurgist Yoshio Kajiwara) 


500 (Rapid Heating)* 
600 - 650 3 



1) Nikkei New Materials 1986 2-24 No. 6 

2) Nikkei Sangyo Shimbun 1986 12/5 

3) Proceedings of the Japan Metallurgy Society 1985 Fall Meeting P. 92 

4) The inverse transform temperature indicates the transform temperature 
from the martensite phase to the parent phase, and corresponds to the 
shape-recovery temperature. 

(Problem Solved by the Invention) 

When a shape-memory alloy is used in a simple temperature-detecting 
method, an elongated recovery element, compressed recovery element or bent 
recovery element is brought into contact with the object to be measured, and the 
shape recovery characteristics are used to determine the temperature of the 
object. Because the shape of the temperature-detecting element can conform to 
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the object to be measured, this method has a very wide range of possible 
applications. However, temperatures in the range between 100°C and 500°C 
cannot be measured using any of the alloys shown in Table 1 . 

(Means of Solving the Problem) 

The present invention is a temperature-detecting element using an iron- 
based shape-memory alloy, wherein a Fe-Mn-Si shape-memory alloy is used, and 
wherein the Mn content is altered within the 20 to 40 wt% range to obtain the 
desired transform temperature between 50°C and 300°C based on the Mn content. 

In order to discover a shape-memory alloy with an inverse transform 
temperature above 100°C, the present inventors noted the high inverse 
transform temperature of the Fe-Mn-Si shape-memory alloy disclosed in Kokai 
No. 61-201725 and studied the relationship between the component amounts 
and the inverse transform temperature. As a result, they discovered an inverse 
relationship between the Mn content and the inverse transform temperature. 
The shape-memory effect decreased when the Mn content was below 20 wt% or 
above 40 wt%. FIG 1 is a graph showing the relationship between the Mn 
content and the inverse transform temperature of Fe-Mn-Si shape-memory alloy 
X Mn 6 Si 5Cr (a Fe-Mn-Si shape-memory alloy containing X wt% Mn, 6 wt% Si 
and 5 wt% Cr). In the graph, the dotted line indicates the initial inverse transform 
temperature or initial shape recovery temperature, and the solid line indicates the 
final inverse transform temperature or final shape recovery temperature. In the 
case of 25 wt% Mn, 6 wt% Si, 5 wt% Cr with the balance being Fe, a line 
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extending vertically from the Mn 25% position on the x-axis of FIG 1 intersects 
the dotted line and the solid line at an initial transform temperature of 145°C and 
a final inverse transform temperature of 210°C. Therefore, the temperature- 
detecting element can be an elongated recovery element, compressed recovery 
element or bent recovery element but, because of the characteristics of the 
recovery element, it can detect temperature from an initial transform temperature 
of 145°C to a final inverse transform temperature of 210°C. 

The present inventors discovered that the inverse transform temperature 
could be expanded from 50°C to 300°C by slightly changing the Si and Cr 
content. Other elements such as Ni, Co, Mo, C, Al and Cu can be added for 
their shape-memory properties, hardness properties, heat processing properties, 
and corrosion resistance properties. These elements prevent property 
deterioration at an inverse transform temperature between 50°C and 300°C. 
The amounts of Si, Cr, Ni, Co, Mo, C, Al and Cu added in the claims of the 
present invention are limited to the amounts that improve the memory properties 
of the shape-memory alloy. 

The temperature-detecting element can assume any form, but for the 
purposes of the present invention the shape-memory alloy should assume box, 
plate, wire or coil form. After being deformed at a temperature other than the 
inverse transform temperature (e.g., the ambient temperature), the shape- 
memory alloy is brought into contact with the object to be measured or brought 
as close as possible in the surrounding environment. At this time, the shape- 
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memory element should have be an elongated recovery element, compressed 
recovery element, or bent recovery element. 

(Working Examples) 

The following is an explanation of working examples of the present 
invention. 

Working Example 1 

FIG 2 is an example of a temperature-detecting element with a Mn 25 
wt%, Si 6 wt%, Cr 5 wt%, and Fe balance shape-memory alloy of the present 
invention used in the coil 1 to detect the temperature of a liquid such as tempura 
oil. In the shape-memory process, coil 1 is compressed for several seconds or 
several dozen seconds at a temperature between 300 and 600°C in order to 
remember the shape. Here, 2 is a handle extending from the coil 1 , 3 is the 
portion dipped in the oil to detect the temperature, and 4 is a protective metal 
tube. The coil 1 is fixed inside the metal tube 4 so the coil 1 is visible inside the 
metal tube 4 through the window 5. Color marks indicating the temperature are 
formed on the handle 2. The inverse transform temperature in this working 
example is (initial inverse transform temperature + final inverse transform 
temperature)/2 or 180°C. 

The temperature detection method using this element has the following 

steps. 
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(1 ) The coil 1 made of the shape-memory alloy of the present invention 
is drawn out by the handle 2 to become elongated at the ambient temperature. 

(2) The temperature-detecting element 3 is immersed in tempura oil. 

(3) When the temperature of the oil reaches 180°C, the coil 1 recovers 
its shape, and the temperature is indicated by the color marking (red marking) in 
the temperature-indicating window. In this way, the temperature is detected. Of 
course, the color markings can be to any scale. 

By changing the composition of the shape-memory alloy constituting the 
coil 1 in the temperature-detecting element of the present invention, it can be 
used to detect the temperature of a liquid between 50 and 300°C. 

Working Examples 2 

The shape-memory process in Working Example 1 is performed on a box 
(20 ~ 50 |a) made of a shape-memory alloy of the present invention consisting of 
Mn 25 wt%, Si 6 wt%, Cr 5 wt% and Mo 1 wt% with the balance being Fe. It is 
then cut to the appropriate size and bent at ambient temperature. The inverse 
transform temperature of this bent recovery element is 180°C. The bent 
recovery element is then immersed in tempura oil in the same manner as 
Working Example 1. When the temperature of the tempura oil reaches 180°C, it 
recovers its shape and the temperature is detected. 
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By changing the alloy composition, the bent recovery element in this 
working example can be used to detect the temperature of a liquid, machine or 
electric component between 50 and 300°C. 

A thin plate of the shape-memory alloy manufactured in the same way can 
be used as the electrical contact point in an alarm circuit containing a buzzer, 
lamp or light-emitting diode. When the ambient temperature reaches 180°C, the 
alloy recovers its shape, closing the circuit, and operating the buzzer, lamp or 
light-emitting diode in the alarm circuit. 

(Effect of the Invention) 

The present invention is easily able to detect temperatures in the range 
between 50°C and 300°C, especially temperatures in the range between 100°C 
and 300°C that cannot be detected by temperature-detecting elements using 
shape-memory alloys of the prior art. 

4. Brief Explanation of the Drawings 

FIG 1 is a graph showing the relationship between the inverse transform 
temperature of the shape-memory alloy and the amount of Mn contained in the 
alloy. FIG 2 is an example of a temperature-detecting element with the shape- 
memory alloy of the present invention used to detect the temperature of a liquid 
such as tempura oil. 
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FIG 1 

[X-Axis] Mn (wt%) 

[Y-Axis] Inverse Transform Temperature (°C) 

Initial Inverse Transform Temperature 
Final Inverse Transform Temperature 

FIG 2 

1 ... Shape-Memory Alloy Coil 

2 ... Handle 

3 ... Temperature Detector 
4 ... Metal Tube 

5 ... Temperature Display Window 
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